Selectrons may be produced in pairs at LEPII if their mass is less than about 100 GeV. Preferably, they decay into the lightest neutralino plus an electron. In a scenario where selectrons are observed at LEPII, we show that: (i) in a first stage where experimental errors are large, the measurement of the total cross section of selectron pair production, the selectron mass, and the lightest neutralino mass, allow us to validate or rule out the Minimal Supergravity Model in its simplest form, and that (ii) in a second stage where precision measurements are available, the value of tan β can be determined together with the rest of the parameters that specify the Minimal Supergravity Model and, with them, the entire supersymmetric spectrum can be calculated. We include experimental constraints from sparticle searches, Z-pole physics, stability of the lightest supersymmetric particle (LSP) and the decay b → sγ. In these scenarios, small values of tan β and negative values of µ are preferred, and the lightest Higgs mass satisfies m h < 110 GeV, which makes it likely to be detected at LEPII.
Introduction
Despite the success of the Standard Model (SM) in describing the strong and electroweak interactions at energy scales accessible to present colliders, this model is regarded as an incomplete theory. Two of the main theoretical problems with the SM are related to the electroweak symmetry breaking. First, it is hard to understand why the scale of electroweak symmetry breaking is much smaller compared to the Planck scale. Second, the existence of fundamental scalars in the SM model is problematical since their masses are unstable under radiative corrections. Both problems are potentially solved in supersymmetric theories. For this and other reasons, since its discovery [1] , supersymmetry has received great attention and has become the leading candidate for physics beyond the SM.
The simplest supersymmetric extension of the SM is called the Minimal Supersymmetric Model (MSSM) [2] and it is based on R-parity conservation and minimal particle content. Many experiments have looked for supersymmetric particles, but no signal has been found so far [3, 4, 5] . The e + e − annihilation is a clean environment for searching for new particles, and the LEPII collider will have enough energy to look for supersymmetric particles with mass up to about half the center of mass energy, since they are produced in pairs. Besides the lightest Higgs boson, candidates to be found at LEPII are charginos, neutralinos, and sleptons because they are typically lighter than other susy particles. Among them, the cleanest signatures are produced by charged particles: charginos and charged sleptons.
If a supersymmetric particle is detected at LEPII, it is crucial to know what can be learned about the model from the LEP measurements. In the case of chargino pair production, this issue was addressed recently in the case of global supersymmetry [6, 7] . Furthermore, in supergravity (SUGRA) models with radiatively broken electroweak symmetry, the predictions are more powerful [8] . Nevertheless, charged sleptons can be lighter than charginos, and for this reason a charged slepton may be the first supersymmetric signal to be detected.
In supergravity models with radiatively broken electroweak symmetry, selectrons are in general not lighter than staus and smuons and, therefore, the latter may be detected first. But staus and smuons can be produced in e + e − colliders only with intermediate photons and Z-bosons in the s-channel. Furthermore, couplings of charged sleptons to γ or Z depend only on electroweak parameters like the gauge coupling constant g, the weak mixing angle θ W , or the electric charge e. This implies that other than the mass of the stau or smuon, and the mass of the decay products (lightest neutralino), it will be hard to extract more information on the supersymmetric parameters of the model with the discovery of these particles. This is not the case with selectrons. In addition to intermediate γ and Z-bosons, selectrons may be produced in e + e − colliders with intermediate neutralinos in the t-channel, and therefore, its production cross section depends on the neutralino sector and is sensible to important supersymmetric parameters.
In global supersymmetry, many authors have studied the selectron pair production in e + e − colliders [9] , and also the production of off-shell selectrons [10] . The purpose of this paper is to study this process in the context of supergravity models, where the parameters are tightly constrained, and therefore the predictive power is greater. We will demonstrate that the experimental observables associated with the detection of a pair of selectrons, i.e., the total production cross section, the mass of the selectron, and the mass of its main decay product, the lightest neutralino, allow us to calculate the supersymmetric parameters that define the model, and through them, to predict the entire supersymmetric spectrum.
Minimal Supergravity
Minimal Supergravity is defined by a Kähler potential K = j |φ j | 2 and a gauge kinetic function f ab = δ ab so that all the kinetic terms are canonical. The supersymmetric lagrangian is specified by the superpotential W given by
( 1) where i, j = 1, 2, 3 are generation indices, a, b = 1, 2 are SU(2) indices, and ε is a completely antisymmetric 2 × 2 matrix, with ε 12 = −ε 21 = 1 and ε 11 = ε 22 = 0. The symbol "hat" over each letter indicates a superfield, with Q i , L i , H 1 , and H 2 being SU(2) doublets with hypercharges 1 3 , −1, −1, and 1 respectively, and U , D, and R being SU(2) singlets with hypercharges − , and 2 respectively. The couplings h U , h D and h E are 3 × 3 Yukawa matrices, and µ is a parameter with units of mass.
In the supersymmetric part of the lagrangian, we find the Yukawa interactions L Y and the scalar potential V s . In L Y we get fermion mass terms and fermion-fermionscalar interactions, and is given by
where the function W is obtained by taking the superpotential in eq. (1) and replacing each superfield by its scalar component. The indices n and m run over all the superfields in the superpotential, and A n (ψ n ) are the scalar (fermionic) component of each superfield. The scalar potential V s consists of two parts, the F terms and the D terms
the F term is given by
where n runs over all the superfields in eq. (1), and A n is the corresponding scalar component. The two D terms, one for SU(2) and one for U (1) , are
The first one is the SU(2) D-term, where n runs over all the superfields which are doublets under SU(2), A n is the corresponding scalar component, σ a are the Pauli matrices, and i, j = 1, 2 are SU(2) indices. The second is the U(1) D-term, where m runs over all the superfields with a non-zero hypercharge y m , and A m is the corresponding scalar component.
Supersymmetry must be broken because otherwise the known fermions would be degenerate in mass with its superpartners and this is not observed experimentally. The actual supergravity mechanism is unknown 2 , but can be parametrized with a set of soft supersymmetry breaking terms which do not introduce quadratic divergences to the unrenormalized theory [13] 
In Minimal Supergravity the scalar masses, the gaugino masses, and the trilinear couplings are universal at the unification scale
and the mass parameters A and B are related to each other at the scale M X by
In this case, only four parameters specify the model: the universal scalar mass m 0 , the universal gaugino mass M 1/2 , the universal trilinear coupling A, and the Higgs mass parameter µ.
The Effective Potential
The Higgs sector of the MSSM [14] contains two Higgs doublets H 1 and H 2 , with hypercharges −1 and 1 respectively, and with the following tree level Higgs potential:
where
, and m 2 12 = Bµ. This potential has a minimum that breaks the symmetry and the neutral component of the Higgs fields get a vacuum expectation value:
2 is our normalization. The one-loop effective potential [15] , working in dimensional reduction [16] , is given by
2 For an example, see ref. [12] .
The index i runs over all the particles of the model, m i (v 1 , v 2 ) is the mass of the i-th particle as a function of the two vacuum expectation values, and w i takes into account the internal degrees of freedom of each particle: w i = (−1) 2s (2s + 1)rc, where s is the spin of the particle, r = 1(2) if the field is real (complex), and c is the color factor. The tree level effective potential is found from eq. (9) after replacing the Higgs fields by their vacuum expectation values:
In DR, one-loop contributions to the effective potential are explicitly scale dependent and, therefore, the tree level potential V 0 (v 1 , v 2 , Q) must be implicitly scale dependent, i.e., each parameter in the right hand side of eq. (12) is a running parameter governed by a renormalization group equation (RGE). The electroweak symmetry is broken radiatively because, despite the fact that m
, the large value of the top quark mass makes the RGE of these two mass parameters to evolve differently and m 2 2 (Q) is driven towards zero when the scale approaches the weak scale. It was proven that, due to the strong scale dependence of V 0 (v 1 , v 2 , Q), one-loop contributions to the effective potential are important [17] , and to find reliable results in the electroweak symmetry breaking, the one-loop contributions from all the particles should be included [18] . One of the free parameters must be fixed in order to reproduce the correct value for the Z-boson mass. We choose to fix |µ|, therefore the model is specified by m 0 , M 1/2 , tan β, and sign(µ) (we have eliminated A in favor of tan β). In our calculations, we use the full one-loop effective potential including the effect of all the particles in the model. We minimize the potential at the scale Q defined by the scale where the tree level vacuum expectation values are equal to the one-loop corrected vev's. At this scale we find the running CP-odd Higgs mass m A ( Q) 3 , which is related to the pole mass m A through the relation
The function A AA (p 2 , Q) is the CP-odd Higgs self energy evaluated at an external momentum p and at an arbitrary scale Q. This function is divergent and its contribution from loops involving top and bottom quarks and squarks is given in the appendix. In DR, the mass counterterm δm 2 A is chosen in such a way that cancels exactly the divergences from the self energy. In addition, the explicit scale dependence of the self energy is canceled by the implicit scale dependence of the running mass parameter m 2 A (Q). In this way, the pole mass m 2 A is finite and scale independent (up to two-loop effects).
Low Energy Spectrum
The two sleptonsl In the case of selectrons, mixing can be neglected and the mass eigenstates areẽ ± L and e ± R . Their masses, together with the sneutrino mass, are
As explained in the previous section, the two soft supersymmetry breaking terms M 2 L and M
2
R are equal to m 0 at the unification scale (here we are omitting the generation indices). The solution of the RGE of these two parameters [19] can be approximated by
implying that M [4, 5, 20, 21] impose an experimental lower bound on their mass given by ml ± > 45 GeV. Because τ ± has a mass much larger than the rest of the leptons, stau mixing is larger and, consequently, τ ± 1 is in general the lightest of the charged sleptons. In this way, the constraint mτ± 1 > 45 GeV eliminates part of the parameter space. On the other hand, a lower bound on the sneutrino mass is obtained from negative experimental searches [4, 5, 22] . If the three sneutrino flavors are degenerate, the mass has to satisfy mν > 41.8 GeV, and this is the case in minimal supergravity because the slepton masses are equal to m 0 at the unification scale and the RGE evolve them almost equally. This constraint also reduces the allowed parameter space.
The supersymmetric partners of the W ± µ gauge bosons and the charged Higgs bosons mix to form charginos χ ± 1,2 , whose mass matrix is
This matrix is diagonalized by two unitary matrices V and U chosen such that
where M d C is a diagonal matrix with non-negative entries. The experimental lower bound on the lightest chargino mass is given by [4, 5, 20, 23] 
In the same way, the supersymmetric partners of the B µ and W 
and can be diagonalized by a matrix N in this basis, or by a matrix N ′ in the basis Photino-Zino-Higgsino, according to the notation of ref. [11] . The matrices N and N ′ can be complex, and they are chosen in such a way that the eigenvalues are real and positive. An equivalent way to diagonalize the neutralino mass matrix is allowing the eigenvalues to be negative: in this case, the matrix N (N ′ ) is replaced by the real matrix Z (Z ′ ), and with the neutralino masses we make the replacement m χ 0
, where ǫ i is the sign of the i-th eigenvalue and the neutralino masses are positive.
Negative experimental searches impose a tan β dependent lower bound on the lightest neutralino mass [5, 24] . With the extra assumption of gaugino universality, lower bounds on the heavier neutralinos (and heavy chargino) can be set [25] with the help of gluino searches [26] . Equivalently, we prefer to impose that the 95% CL upper bound on the contribution of new particles to the Z width is ∆Γ Z < 23.1 MeV, that the branching fraction for the decays Z →χ 27] . A light gluino (with a mass of the order of a few GeV) has not been ruled out by experiments [28] , and gaugino universality implies a lightest neutralino with a mass smaller than 1 GeV. Nevertheless, in supergravity models it has been proven that a light gluino is incompatible with the radiatively broken electroweak symmetry [29] (see also [30] ), and we do not consider this case here.
The Higgs sector of the MSSM consists of five physical states, two neutral CP-even Higgs bosons h and H, one neutral CP-odd Higgs boson A, and a pair of charged Higgs bosons H ± . In an on-shell scheme, where the CP-odd Higgs mass m A is defined as the pole of the propagator and calculated with eq. (13), and where tan β is defined through the Aτ + τ − vertex [31] , we compute all the one-loop renormalized Higgs masses. In the case of the charged Higgs mass m H ± , we include [32] exact one-loop contributions from the top-bottom quark-squark sector and leading logarithms from lighter generations of quarks and squarks, three generations of leptons and sleptons, Higgs and gauge bosons, charginos and neutralinos [33, 34] . We find that radiative corrections to the charged Higgs mass are small for the values of tan β we are considering.
In the case of neutral Higgs bosons, radiative corrections are larger since the leading terms are proportional to m 4 t [34, 35] . Here we include full one-loop contributions from top-bottom quarks and squarks and leading logarithms from the rest of the particles. Two-loop are important [36, 37] , and we include the leading contributions valid at any value of tan β [37] . We renormalize the 2 × 2 inverse propagator matrix of the CP-even neutral Higgs sector using a momentum dependent mixing angle α(p 2 ) [38] , which allows us to calculate the renormalized value of the parameter sin(β − α) at the two physical scales
H . This parameter is important because it is the MSSM coupling of h to two Z-bosons relative to the H SM ZZ coupling, and in the decoupling limit [39] where sin(β − α) → 1, it will be very difficult to distinguish the MSSM Higgs h from the SM Higgs H SM without other supersymmetric signal 4 .
Selectron Pair Production and Decay
In this section we display the relevant formulas for the total cross sections of selectron pair production in electron-positron annihilation and their subsequent decay. In the following, the index i labels the two different selectronsẽ i with i = L, R, whose masses are denoted by m . We start with the production of two selectrons of the same type. In this case, there are contributions from intermediate γ and Z bosons in the s-channel, and from neutralinos in the t-channel, as indicated by Figs. 1(a) and 1(b) . The two total cross sections can be calculated with the formula:
where s is the center of mass energy. In the first line of this formula, the term proportional to e 4 corresponds to the photon contribution, and the term proportional to g 2 corresponds to the Z contribution, where we have defined the constants a i by a L = g( 
In the second line, the term proportional to e 2 g is the γ − Z interference, and the term with the double sum corresponds to the neutralino sector (χ 0 -χ 0 term). Here, λ ij are the coeficients in the e + χ 0 jẽ − i vertex given by
and the matrix N ′ is defined below eq. (19) . In the χ 0 -χ 0 term we also introduce the function h ijk . The definition of this function depends on whether we are considering the interference between two different neutralinos or the amplitude squared of one of them. The expression for h ijk is:
where the two functions f ij and g ij are given by
and
In this case, we have defined ∆m
Finally, the third line in eq. (20) has the γ-χ 0 interference, proportional to e 2 , and the Z-χ 0 interference, proportional to a 2 i . In these terms, the function f ij is the one defined in eq. (23) . Now we turn to the production of two selectrons of a different type. The total cross sections receive contributions only from neutralinos in the t-channel [ Fig. 1(b) ], and the formulas are simply: (25) where the couplings λ ij are defined in eq. (21), and the function H jk is given by:
This time we define ∆m
ad . The function λ is well known, λ(a, b, c) = a 2 + b 2 + c 2 − 2ab − 2ac − 2bc and the subscript "ad" is used to remind the reader that we have chosen to use adimensional arguments:
The main decay modes of a selectron are neutralinosẽ 
where λ ij is defined in eq. (21), the matrix U is defined in eq. (18), and the function λ(a, b, c) is defined below eq. (26).
Results
Once we have introduced the theoretical framework in which we want to work, we can proceed to present some results; as was mentioned at the end of section 2, our free high-energy parameters, once we take into account the constraints imposed by a correct electroweak breaking, are m 0 , M 1/2 , tan β and sign(µ). Let's restrict ourselves, for the moment, to the µ < 0 case: this leaves us with only three parameters, M 1/2 , m 0 and tan β. For the purposes of our calculation (that is, to find regions with a non-negligible selectron pair production cross-section) we must choose those values of M 1/2 , m 0 which give rise to the lowest possible values for the selectron masses. Let's stress here that, in a SUGRA model, all the spectrum is correlated, so that every choice of M 1/2 , m 0 and tan β determine the values the masses of all the susy particles; so we have to keep in mind their experimental constraints [3] simultaneously.
The regions we have explored can be labeled by their tan β value; once this is specified we have found more intuitive to classify the spectrum by their value for the common gaugino mass, M 1/2 . This is due to the fact that, given a value of tan β, the neutralino and chargino mass matrices are determined by the values of M 1/2 and µ. In these minimal SUGRA models we know that the value of µ is given by the requirement of a correct elecroweak breaking (i.e. a correct M Z ), and in fact we have observed that, despite the value of m 0 that we are considering, we need µ to be always larger than M 1/2 . What this is telling us is that the lightest neutralino and chargino are going to be mainly gaugino, so that the lowest experimental bounds on these particles (mainly on neutralinos through the experimental restrictions imposed to the decay of the Z in visible neutralinos, see sect. 3) set a lower bound on the value of M 1/2 that we are able to take. And this will be between 70 and 100 GeV. In conclusion, given a choice for tan β, all the points in our parameter space with a common value for the gaugino mass share the same value for the lightest neutralino and chargino ones, and also for that of the gluino (note that the latter is even almost independent of the value of tan β, as can be seen in Table 1 ). In our case, and for reasons that will become clear soon, we have explored a region of values for M 1/2 up to 150 GeV. 70  2  32  77 224  80  2  37  83 255  90  2  41  90 286  100  2  45  97 317  150  2  65  135 480  90  10  35  59 286  100  10  40  69 318  120  10  48  87 381  150  10  61  114 478  100  25  37  62 318  120  25  46  81 382   Table 1 . Lightest neutralino, lightest chargino and gluino masses (in GeV) for different choices of M 1/2 and tan β, and µ < 0. These masses are independent of the value of m 0 , and because of this, any of them can be used to label the curves we show in Figs. 2-8.
But we still cannot say much about scalar masses, in particular about selectron masses, as we have not specified any value at all for m 0 . This will be given, in its lowest bound, by the experimental bounds on the slepton masses, the lightest among the scalars. For low values of tan β we have a very small mixing in the stau mass matrix, therefore the lightest scalar is the sneutrino (being all selectrons, smuons and staus almost degenerate in mass). Let's note that, as M 1/2 increases, this lower bound on m 0 decreases, due to the presence of gaugino masses in the RGEs of scalar masses [19] as indicated by eq. (16); in fact for tan β = 2 and M 1/2 > ∼ 100 GeV we find that it practically disappears (i.e. any choice for m 0 gives a spectrum compatible with the experimental bounds).
The behaviour of the different low-energy masses is presented in Figs. 2-6 , where the curves are labeled by the corresponding lightest neutralino mass (or, equivalently, by the value of M 1/2 , as can be seen in Table 1 ). In Figs. 2 and 3 we have plotted the sneutrino (the three sneutrino species are practically degenerate) and lightest stau masses respectively, and we can clearly appreciate how the experimental lower bounds on their masses restrict the allowed parameter space. In cases (a) tan β = 2 and (b) tan β = 10, restrictions coming from the sneutrino mass dominate as we see in Fig. 2 , where some of the curves are truncated by the condition mν > 41.8 GeV. We can also see that the range of right-handed selectron mass (plotted in the x-axis), which corresponds to a particular choice of m χ 0 1 , increases with this mass until it reaches a maximum. The reason for this is the decrease of the lower bound on m 0 mentioned before: since mν receives contributions from M 1/2 as well as from m 0 , higher values of M 1/2 allow lower values of m 0 . From eqs. (15) and (16) we get:
and from this equation we see that for a constant value of tan β, and for mν = 41.8 GeV, the minimum selectron mass decreases with an increasing m χ 0
1
. After its maximum, the range of mẽ± R becomes narrower because the value of M 1/2 is big enough to be unable to produce light selectrons anymore. This is the reason to limit the plots to M 1/2 ≤ 150 GeV.
As the value of tan β increases, the stau mixing also does, and experimental restrictions coming from the stau mass start to dominate; in fact, it can be the case that the stau is lighter than the lightest neutralino, χ 0 1 , becoming thus the lightest supersymmetric particle (LSP). This situation is cosmologically disfavoured [41] , so it provides us with a new constraint on our parameter space, which is best appreciated in Fig. 3 . For large tan β the lightest stau becomes also the lightest scalar, and we can see from Fig. 3(c) that one of the curves is truncated by the condition mτ± . In fact, this latter requirement rules out any spectra with M 1/2 = 150 GeV and tan β = 25. Also, in this large tan β regime it is no longer possible to reach values for m 0 as low as in the former cases (where we had small or zero stau mixing). For example, for tan β = 25 and M 1/2 ≥ 100 GeV, m 0 must be always bigger than 55 GeV 5 . The absence of low values for m 0 sets a minimum in the range of selectron masses that increases uniformly with increasing m χ 0 1 . In Fig. 4 we plot the lightest top and bottom squark masses. Squarks are heavier than sleptons mainly because the RGE of soft squark masses receive contributions from the strong coupling constant. In general bottom squarks are heavier that top squarks, and the reasons are that: i) the sbottom soft mass is larger than the stop one because Yukawa couplings contribute negatively to their RGEs, and ii) the offdiagonal elements of the stop mass matrix (which are proportional to the corresponding Yukawa coupling and tan β) are much bigger. The exception occurs in case (a) with light neutralino, where mb 1 is smaller than mt 1 , the reason being that the soft squark masses are comparable to m t , so that the diagonal elements of the stops are much 5 This can be easily seen if we rewrite the condition m
in terms of the corresponding RGEs for large tan β, and taking into account that, in our model, the lightest neutralino is mainly gaugino. Then the relationship between the different parameters is given by:
bigger than those of the sbottoms. In addition, the small value of tan β makes the off-diagonal term less important (see the squark mass matrices in the appendix).
The Higgs spectrum is presented in Figs. 5 and 6. The masses of the heavy Higgs bosons, given by the CP-odd Higgs A, the charged Higgs H ± , and the heavy CP-even Higgs H, are plotted in Fig. 5 . In the region of parameter space we are considering here, radiative corrections to m H ± and m H are small, typically not larger than a few GeV. Consequently, the charged Higgs and heavy CP-even Higgs pole masses are, to a good approximation, determined by the values of the pole mass m A and tan β. Similarly, the difference between the pole mass m A and the running mass m A ( Q) is small. On the other hand, the running CP-odd Higgs mass m A ( Q) is determined by the correct radiatively broken electroweak symmetry (tan β is an input). We find that for tan β = 2, the CP-odd Higgs is heavier in comparison with higher values of tan β, and that increasing values of M 1/2 produce higher values of m A .
The lightest Higgs h is massless at tree level if tan β = 1, and its mass increases until it saturates as tan β → ∞. This effect can be appreciated as we compare the three cases tan β =2, 10, and 25 in increases, producing larger contributions to m h from radiative corrections. This latest effect can be seen in Fig. 6(c) , because at large tan β, the lightest Higgs mass m h becomes independent of m A at tree level, and equal to m Z . The difference is due to radiative corrections. From this figure it is obvious the importance of the inclusion of radiative corrections in the calculation of m h .
A SM Higgs boson can be detected at LEPII if its mass is smaller than about 105 GeV [42] (brehmsstrahlung of a Higgs by a Z gauge boson). Since the lightest Higgs mass m h in Fig. 6 is always lighter than about 110 GeV, if this scenario is correct, it is likely to be observed at LEPII. Production cross sections and decay rates of this supersymmetric Higgs h are close to the ones of the SM Higgs, since the parameter sin(β −α) is always close to one, making difficult to distinguish between the two models [39, 40] . Nevertheless, for values of m χ 0 1 < ∼ 40 GeV and tan β = 10 or 25, this parameter can be as small as sin(β −α) > ∼ 0.95, which means that the ratio between the production cross sections of the two models can be as low as σ M SSM /σ SM > ∼ 0.9 and discrimination may be possible. Production of heavy CP-even Higgs bosons at LEPII will be difficult. In the cases described above, m H is about 120-130 GeV and | cos(β − α)| < ∼ 0.3, which means that its production cross section is about 10% of the SM one.
Once we have calculated both the spectrum and the total cross section, we can present our predictions. Those are shown in Figs. 7(a)-7(c) where we have plotted the total cross section σ(e + e − −→ẽ + Rẽ − R ) (the only relevant one) versus the righthanded selectron mass for a center-of-mass energy of 200 GeV and several choices of the lightest neutralino mass (see caption for details). As was mentioned before, low values for tan β produce smaller values for mẽ± R , and therefore a higher total cross section. In general we see that, for every tan β value we have examined, the different curves (labeled by their corresponding m χ 0 1 value) tend to be very close to each other making potentially very difficult to identify a particular minimal SUGRA spectrum as the one corresponding to a certain value of both mẽ± R and σ(e + e − −→ẽ
. But luckily enough we are provided with another tool to tell them apart.
As has been stressed in recent years, the b → s, γ decay is becoming a very pow-erful test of physics beyond the Standard Model [19, 43, 44] , in particular since the measurement of its branching ratio (BR) by the CLEO collaboration. As a FCNC process, b → s, γ is forbidden at tree level, so 1-loop diagrams become the dominant ones. In our case the presence of susy particles provides us with an extra contribution to this BR to be added to the usual SM one (given mainly by a top quark and a W − boson running in the loop); therefore the actual experimental bounds [45] put strong constraints on the supersymmetric spectrum (for a detailed analysis see refs. [19, 43, 44] ), and we have used this fact to discard some of the spectra we have shown in the previous plots. As we can see in Fig. 8 , where the predicted BR is plotted for each spectrum we have considered versus the corresponding selectron mass, the bigger tan β is, the less compatible with the experiment the spectra are. While in Fig. 8(a) we see that the lightest neutralino mass curve is very close to the SM prediction, as tan β increases the corresponding line in Fig. 8(b) comes closer to the lower CLEO bound and finally, in 8(c), goes even below it, becoming totally discarded (that being the reason why it has been represented by a dashed-dotted line in Fig. 7) .
Pretty much the same happens with the highest neutralino mass line: for increasing tan β it becomes closer and even above the upper CLEO bound. Nevertheless, we are being conservative in our predictions and, considering the estimated 25 % error in the theoretical calculation for the BR(b → s, γ), we have kept the highest neutralino mass line for tan β = 10 as compatible with the bound 6 (and therefore represented as a solid line in Figs. 7(b) and 8(b) ). In any case it is noticeable how an improvement of the experimental measurement by an order of magnitude would discard most of the parameter space shown in our plots. Note also how the closest prediction to that of the SM corresponds to a heavier spectrum as tan β increases: for tan β = 2 we have m Fig. 7 , tells us that if minimal SUGRA is the theory beyond the SM, a low tan β value is more likely to be discovered at LEPII, since it predicts a much lighter spectrum and a sizable cross section for selectron production than higher values of tan β; alternatively the reverse statement does not have to be true, that is the absence of measurements at LEPII would not imply a particular range of values of tan β as the preferred one.
Once selectrons are produced we can examine the decay channels in this Minimal SUGRA model. As we explained in the last section, there are three main possible ways for this to happen. However, taking into account that we are focussing in right handed selectrons (the lightest and, therefore the first ones to be produced), two of the couplings (ẽ
) are zero and we are left with neutralinos as the only decaying products. In the scenario we consider here, χ 0 3 and χ 0 4 are too heavy, and these decays are kinematically forbidden. In Fig. 9 we plot the branching ratios of the remaining two decay modes, namelyẽ ± R → e ± χ 0 j , with j = 1, 2. We do not consider cascade decays [46] . The branching ratios are plotted as a function of the selectron mass, in the case µ < 0, and for different values of tan β and M 1/2 . Note that the decay rate of a right selectron to the lightest neutralino becomes dominant at low values of tan β (case 1), where the difference between m χ 0 1 and m χ 0 2 is more pronounced (this 6 Remember that the equivalent case for tan β = 25 was discarded for giving a charged (lightest stau) LSP.
can be checked by looking at Table 1 , and taking into account that m χ 0 2 is practically identical to m χ ± 1 ). On the other hand, the decay into the second lightest neutralino is important at high values of tan β and low universal gaugino mass M 1/2 (cases 2 and 4) for which the magnitudes of the two neutralino masses are closer.
Let's turn now to µ > 0. In this case we have observed a much bigger suppression of the allowed parameter space, as becomes clear from Table 2 : Table 2 . Lightest neutralino, lightest chargino and gluino masses (in GeV) for different choices of M 1/2 and tan β, and µ > 0.
Compared to the µ < 0 case, to produce a spectrum (in particular charginos and neutralinos) which is compatible with all the experimental bounds on susy masses and precision measurements on the Z peak, much bigger values of M 1/2 are required. In addition, the minimum value of M 1/2 that fulfills these requirements decreases with increasing tan β as opposed to what happened with µ < 0. Concerning the range of variation of m 0 , it is similar to what we found before: no bound for tan β = 2, while for tan β = 10 a too light sneutrino imposes m 0 ≥ 30 GeV for M 1/2 = 100 GeV (and no restrictions for M 1/2 = 120, 150 GeV), and for tan β = 25 a too light stau implies m 0 ≥ 55 GeV for any value of M 1/2 . Furthermore, any spectra with tan β = 25 and M 1/2 = 150 GeV is ruled out considering that the LSP is electrically neutral, as it happened with µ < 0. In general we have found that, for a fixed M 1/2 , the spectrum is insensitive to sign(µ) when tan β is large, while it becomes lighter for µ > 0 as tan β decreases. Because values of M 1/2 as small as in the previous case are not allowed, the CPodd Higgs mass necessary to obtain a correct electroweak symmetry breaking is larger when µ > 0 and, consequently, the charged Higgs H ± and the CP-even Higgs H are heavier. At the same time, the light CP-even Higgs h is heavier because m A is larger (increasing the tree level mass) and because squarks are heavier (increasing the radiative corrections). In addition, when µ > 0 the Higgs h behaves more like the SM Higgs because a larger m A produces a value of sin(β − α) closer to unity. Nevertheless, still there are good chances to detect this Higgs boson since its mass remains below 110 GeV.
The total cross section versus the right selectron mass for this case and tan β = 2, 10, 25 is presented in Fig. 10(a) . As we can see, the most relevant cross sections are already ruled out by considering the restrictions coming from the b → s, γ decay, Fig. 10(b) . As was shown in ref. [44] 7 , for µ > 0 there are no low-energy windows, that is, regions of the parameter space which give a very light spectrum and still are compatible with the experimental measurement for the BR(b → s, γ). Therefore the behaviour of the curves is much more uniform than in the previous case and the bigger M 1/2 is, the closer its associated BR is to the SM prediction. In this particular case we see that M 1/2 = 120 GeV for tan β = 2, 10, and M 1/2 = 140 GeV for tan β = 25 are the lowest possible values for which their BR start to be compatible with the experimental bound. However an improvement of this measurement would soon discard most of these scenarios with µ > 0, having perhaps those with tan β = 2 as the only surviving ones. In any case let's stress the fact that, in the region of the parameter space so far analyzed, µ < 0 gives a much lighter spectrum and therefore a bigger cross section for the production of selectrons. If right selectrons are discovered at LEPII, measurements of the total cross section σ(e + e − −→ẽ
, and the mass of the lightest neutralino m χ 0 1 will be available with some degree of experimental error. By looking at Fig. 11 we can see how these measurements can be used to test the model. In this figure we plot the total cross section as a function of the neutralino mass for constant values of the selectron mass mẽ± R = 78 and 86 GeV, and both signs of µ. In each case, curves of constant tan β are shown. We appreciate that the dependence of the cross section both on tan β and sign(µ) is weak, therefore, in a first stage where experimental errors may be high, we will not be able to predict the value of these important parameters from these measurements alone 8 . Nevertheless, it will be possible to test the model, because the curves corresponding to one value of mẽ± R are close together and reasonably apart from the group of curves corresponding to the other value of mẽ± R . For this to happen, there is a maximum tolerable experimental error on the selectron mass which is obvious from the figure. In the next experimental stage, where precision measurements are available, it will be possible to predict both the values of tan β and sign(µ).
Conclusions
Despite of the multi-dimensional free parameter space that Minimal Supergravity predicts, many phenomenological restrictions can be used altogether to reduce the possible values of the soft terms that define the spectrum. Apart from the direct experimental limits on susy particles and Z-pole physics, we have also imposed constraints coming from a prediction of these spectra for the BR of b → s, γ compatible with the experimental value, and from the requirement that the LPS should be neutral.
The discovery of selectrons at LEPII will allow us to test the remaining Minimal SUGRA scenarios. In a stage where experimental errors are large, LEP measurements, like the total production cross section σ(e + e − −→ẽ + Rẽ − R ), the selectron mass mẽ± R , and the lightest neutralino mass m χ 0 1 , will validate or rule out the model in its simplest form. In this scenario, other supersymmetric particles are light enough to be produced at LEPII. Among them is the lightest CP-even neutral Higgs boson h, whose discovery and measurement of its mass can give us an important insight into the value of tan β and sign(µ). On the other hand, in a stage where precision measurements of the observables mentioned above are available, information on the value of tan β and the sign of µ can be directly obtained, and with it, the entire supergravity spectrum can be predicted.
where Q is an arbitrary mass scale, ∆ is the regulator of dimensional regularization given by
n is the number of space-time dimensions, and γ E is the Euler's constant. We denote the sum of the Feynman diagrams contributing to the CP-odd Higgs self energy by −iA AA (p 2 ). In order to save space we will use the following notation for the Veltman's functions:
where a and b are any particle we are considering.
We begin with the contribution to the CP-odd Higgs self energy from loops involving top and bottom quarks:
with N c = 3 being the number of colors. In the same way, the contribution from top and bottom squarks is
The matrices M Att and M Abb correspond to the numerical factor in the Att and Abb Feynman rules in the basis where the squark mass matrices are diagonal. They are given by
In the same way, the matrices λ AAtt and λ AAbb are the numerical factor in the AAtt and the AAbb vertices in the physical basis, and they are given by
and we use the notation e t = 2/3, e b = −1/3, t β = tan(β), and c 2β = cos(2β). R t and R b are rotation matrices defined by
which diagonalize the squark mass matrices
given by Fig. 2 . In case (a), the stau mass turns out to be independent of the neutralino mass, therefore, the five curves appear superimposed. The horizontal dotted lines correspond to the experimental lower bound mτ± > 45 GeV. . Some of the solid curves in (a) are not plotted in (b) because their corresponding prediction for the BR is far above the upper limit we have set on the y-axis, although still compatible with the experimental limit if we allow for the 25% error quoted for the theoretical calculation. On the contrary, the dashed-dotted lines are excluded even after considering this error. 
